Rhodococcus equi is a bacterial pathogen, ubiquitous in the soil, that infects many foals and is lethal to some. Transferrin is an iron-binding protein that has bacteriostatic properties in the blood. Transferrin is also highly polymorphic in most species, with 15 variants identified for horses using biochemical methods, and may be responsible for variation in susceptibility to bacterial pathogens. The objectives of this study were 1) to compare biochemical typing with DNA typing of transferrin, 2) to determine if transferrin DNA from archival paraffin-embedded tissue samples can be recovered and typed with molecular methods, and 3) to determine if there was an association between foal death caused by R. equi and transferrin type. Comparing biochemical methods and DNA sequencing for 41 horses demonstrated correspondence between the typing methods. The allele frequency of archival paraffin-embedded tissue samples from 34 Thoroughbred foals that succumbed to R. equi showed an excess of the F allele and a deficiency of the D allele (P Ͻ 0.05). Year of collection (P Ͼ 0.8), age of foal (P Ͼ 0.3), and sex of foal (P Ͼ 0.6) were not statistically associated with transferrin type. The archival material was successfully transferrin typed using DNA sequencing, and there may be an association between foal death caused by R. equi and transferrin type.
Rhodococcus equi is a gram-positive, intracellular bacterium that is commonly found in the environment, which can be lethal to young horses, from birth to 6 months of age. 14, 18, 20 Mortality rates have been estimated to be 2-13%, which is financially taxing to the horse industry. 10 Identification of a genetic predisposition among foals for susceptibility to R. equi could be used to identify foals at greatest risk and suggest therapeutic treatment.
Transferrin (Tf) is an iron-binding protein found in the blood of mammals. 1, 15 In addition to carrying iron to cells, transferrin removes free iron from the blood, causing it to be a poor medium for bacterial growth. Some bacteria evolved mechanisms for obtaining iron from transferrin. 8, 11 Biochemical polymorphisms of transferrin have been identified in numerous species, including rat, human, cattle, sheep, and horse. 2, 6, 12, 16, 17 The horse has more than 15 known variants of transferrin. 3, 4, 6, 9, 13 Variation in horse transferrin may be the result of evolutionary selection; specifically, as bacteria evolved the capacity to obtain iron from transferrin, the horse evolved new variants of transferrin to resist these bacteria.
In this study an approach for typing transferrin from paraffin-embedded tissues is described and transferrin types found among 34 Thoroughbred foals that died as a result of infection with R. equi are compared with the general population of Thoroughbreds.
Paraffin-embedded tissue samples from 34 Thoroughbred foals confirmed to have died as a consequence of R. equi infection were obtained from tissue archives of the Livestock Disease Diagnostic Center (Lexington, KY). The foals died of either severe pneumonia or abscessation from 1995 to 1999. The foals ranged in age from fetus to 6 months, with both sexes represented. All but 4 foals were housed on different farms within Kentucky. Deoxyribonucleic acid was extracted from paraffin-embedded tissues using a commercial kit. a DNA samples from 50 randomly selected Thoroughbred mares were used to compare the efficacy of molecular typing with that of biochemical typing. The mares were also used as a sample population for comparison with the foals. The Jockey Club (Lexington, KY) provided the biochemical transferrin types of 41 of 50 control mares.
The method for DNA typing of transferrin was based on the single-nucleotide polymorphisms (SNPs) reported in exons 13 and 15. 7 Deoxyribonucleic acid base substations were described for Tf, making it possible to type with SNP. 7 Of the 15 Tf types (variants 2 , and E. However, molecular typing did not distinguish between F 1 and F 2 , H 2 and D 1 , F 3 and G, or O and R*. 7 The majority of equine transferrin exon 13 was amplified with primers designed by Brandon et al. 7 , 5Ј-TTTCCGTGAAGGCTGTGCCC-3Ј and 5Ј-CTGAA-AGCCCCTGTGTAACC-3Ј for a product size of 120 bp. Because of fragmentation of the DNA, a 214-bp portion of exon 15 was amplified with the following primers: 5Ј-CCCAGTGAGAGAGCCTTGACCA-3Ј and 5Ј-TGCCTTTTCTTTCCGTCAGACTA-3Ј. Polymerase chain reaction (PCR) conditions included 5 were heterozygotes or homozygotes. The logic for assignment of transferrin types was based on SNPs from published results 7 and is described in Tables 1, 2 . Chisquare tests were done to compare the Tf frequency of alleles in the foals with controls and known Thoroughbred population Tf frequencies. 5, 19 Using Proc MIXED of Statistical Analysis Systems, c the effects of year of collection, sex of foal, age of foal, and pneumonia versus abscessation as mode of death were analyzed.
Comparing DNA and biochemical typing for the 41 control mares demonstrated complete correspondence within the limits of DNA typing. As expected, 2 mares that were biochemically typed as FH 2 and DH 2 were classified as DFand DD because DNA sequencing of exons 13 and 15 could not distinguish between D and H 2 .
To investigate potential differences between molecular and biochemical typing of Tf, chi-square tests for heterogeneity were done by comparing the Tf allele frequencies in the control population with published Thoroughbred Tf frequency results 5, 19 (Table 3 ). The P-values for both comparisons were greater than 0.05, showing that the control Tf frequencies were comparable with those of previous reports. 5, 19 Comparisons of Tf allele frequencies of the R. equiinfected foals with control mares and published frequencies 5, 19 are also shown in Table 3 . The chi-square test results show that the foal Tf frequencies are significantly different from those of the control populations using both molecular (P Ͻ 0.05) and biochemical typing techniques (P Ͻ 0.01). Specifically, there appeared to be an excess of the F allele and a deficit of the D allele among foals that succumbed to R. equi ( Table 3 ).
The mode of death (P Ͼ 0.8), year of collection (P Ͼ 0.3), age of foal (P Ͼ 0.6), and sex of foal (P Ͼ 0.6) were not statistically significant with respect to Tf type.
In summary, this study confirmed that SNP testing for Tf corresponded to assignments made by conventional biochemical testing. 7 Comparison of gene frequencies for control samples in this study with other gene frequencies from Tf studies found no statistical difference among the normal populations of Thoroughbreds. 5, 19 Molecular Tf typing of archival material was necessary because the foals died before the study, and the conventional approach for typing transferrin using serum was not available. The DNA was successfully extracted, although fragmented, from archived paraffinembedded samples. 7 Significant differences in Tf allele frequencies were found when foal Tf was compared with control sample populations. There was an excess of F type and a deficiency of D 1 . The observed effects were modest and bear repeating with a larger set of samples. However, if the results stand, it will be interesting to determine whether the presence of F results in susceptibility or the presence of D confers resistance.
